The signal-induced change in free Ca 2+ concentration in the cytoplasm has been portrayed as a switch that turns on various cellular processes in plants and animals (1) (2) (3) . Ca2+-mediated protein phosphorylation is one of the major mechanisms by which eukaryotic cells transduce extracellular signals into intracellular responses (4) (5) (6) . Ca2+/calmodulin-dependent protein kinases are involved in amplifying and diversifying the action of Ca2+-mediated signals (7, 8) . In animals, several types of Ca2+/calmodulin-dependent protein kinases have been identified, including myosin light chain kinases, phosphorylase * This work was supported by the National Science Foundation Grant DCB 91-4586 and NASA Grant NAG-10-0061). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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kinase, and EF-2 kinase, as well as Ca2+/calmodulin-depend ent protein kinase I, II, and IV (9, 10) . The multifunctional Ca2+/calmodulin-dependent protein kinase (CaMKII) 1 is one of the well characterized kinases, and it is known to play a pivotal role in cellular regulation because of its ability to phosphorylate a large number of proteins (11) .
Although Ca2+-dependent protein kinases are found in many plant species (12, 13) , little is known about Ca2+/calmodulin dependent protein kinases in plants. Ca Expression and Purification of CCaMK--Escherichia coli cells carrying plasmid pET3b (Novagen, Inc.) containing CCaMK cDNA were induced by isopropyl-l-thio-13-D-galactopyranoside as described earlier (20) . Isopropyl-l-thio-j3-D-galactopyranoside-induced E. co!i cells were harvested and suspended in a homogenization buffer (40 mM Tris-HC1, ilar; whereas, calmodulin did not bind to the mutant CCaMK 1-322 ( Fig. 3A, boxed region) , indicating that amino acid residues 322-356 ( Fig. 3A) whereas, the addition of Ca 2+ shifted the electrophoretic mobility toward the lower molecular weight (Fig. 5B ). This suggests that Ca 2+ binding to the recombinant visinin- (Fig. 6, A and C) ; however, it retained Ca2+/calmodulin-dependent kinase activity at a substantially reduced level (Fig. 6, B and D) . Fig. 4C) . Autophosphorylation of CCaMK increased its Ca2+/calmodulin dependent kinase activity by 5-fold (Fig. 7B) 
